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This note updates previous results on searches from the DELPHI experiment at
LEP 2 with preliminary results from the recent data taken in 1999.
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1 Introduction
An update is presented of the DELPHI results on searches for new particles in e+e−
interactions at LEP, including preliminary results based on data taken in 1999. At the time
of writing, the integrated luminosities recorded by the experiment are of approximately
25 pb−1 at
p
s = 192 GeV and 40 pb−1 at
p
s = 196 GeV .
2 Search for Neutral Higgs
We have updated our search for neutral Higgs bosons described in [1] to include the data
taken at 191.6 and 195.6 GeV, corresponding to an integrated luminosity of 62 pb−1. All
the channels used in the previous paper have been applied to the new data.
The analyses selections are not identical in details to those used at 189 GeV, but the
performance is very similar. The numbers of candidates and expectation from background
and signal in this latest data are shown in table 1. The mass distribution of the candidate
events in the ZH channel are shown in gure 1, and in gure 2 for the hA search.
channel 192 GeV (24 pb−1) + 196 GeV (38 pb−1)
observed background signal
He+e− 0 1.1 0.30
H+− 0 0.7 0.37
H 2 1.7 1.3
Hqq 8 8.0 4.5
(qq)+− 1 0.55 0.17
Total 11 12.05 6.64
hA ! +−qq 1 0.39 0.05
hA ! bbbb 2 1.9 1.8
Total 3 2.29 1.85
Table 1: Expected background, number of observed events and signal expectation in all
channels. The number of signal events is given for a Higgs boson mass of 95 GeV=c2 in
the ZH search and for a mass of 85 GeV=c2 and tan = 20 in the hA .
Due to the preliminary nature of the analysis, and the fact that the increase in the
expected limit when this data is added to the 158 pb−1 taken at 188.7 GeV is only of
order 1 GeV=c2, no new limits are presented.
In the searches for hA ! +−qq and hA ! bbbb 3 events were observed, while the
expected background is 2.29. Again, no limits have been calculated from these results,
but the measured mass distribution is compared with simulated predictions in gure 2.
3 Search for Charginos
An update of the searches for charginos is presented, based on a data sample corresponding
to 44.8 pb−1 recorded in 1999, at centre-of-mass energies of 192 GeV and 196 GeV. The
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search covers the case when the lightest neutralino is stable, as well as the case when it is
unstable and decays into a photon and a gravitino. The analysis is the same as the one
used at 189 GeV and is described in [2].
The signal and background events were divided in four topologies : the leptonic topol-
ogy (‘‘t), the semi-leptonic topology (jj‘t), the hadronic topology (jetst) and the radiative
topology (radt) dened as :
 The ‘‘t topology with no more than ve charged tracks and no isolated photons.
 The jj‘t topology with more than ve charged tracks and at least one isolated lepton
and no isolated photons.
 The jetst topology with more than ve charged tracks and no isolated photons or
leptons.
 The radt topology with at least one isolated photon.
3.1 Results in case of a stable neutralino
The total number of background events expected in the dierent topologies is shown in
tables 2-3, together with the number of events selected in the data.
The eciencies of the chargino selection in the four topologies were computed sepa-
rately for 76 MSSM points using the likelihood ratio method described in [2]. To pass
from the eciencies of the chargino selection in the four topologies to the eciencies in
the four decay channels, all the migration eects were computed for all the generated
points of the signal simulation. Then the eciencies of the selection in the four decay
channels were interpolated in the (M˜±1
,M˜01) plane using the method described in [3].
All the selected events are compatible with the expectation from the background
simulation. As no evidence for a signal is found, exclusion limits are set at 95% of C.L.
using the multichannel Bayesian formula [4] taking into account the branching ratio and
the eciency of each decay channel.
The simulated data points were used to parametrise the eciencies of the chargino
selection criteria in terms of M and the mass of the chargino. Then a large number of
SUSY points were investigated and the values of M , the chargino and neutralino masses
and the various decay branching ratios were determined for each point. By applying the
appropriate eciency (coming from the interpolation) and branching ratios and cross-
sections for each channel decay (computed by SUSYGEN), the number of expected signal
events for a given cross-section can be calculated. Taking into account the expected
background and the number of observed events, the corresponding point in the MSSM
parameter space (, M2, tan) can be excluded by requiring MSSM points to have a
number of expected signal events greater than the upper limit at 95% C.L. on the number
of observed events of the corresponding M region.
Fig.3 shows the chargino production cross-sections as obtained in the MSSM atp
s = 196 GeV for dierent chargino masses for the non-degenerate (M > 10 GeV=c2)
and degenerate cases (M = 5 GeV=c2) . The parameters M2 and  were varied ran-
domly in the ranges 0 GeV=c2 < M2 < 3000 GeV=c
2 and {200 GeV=c2 <  < 200 GeV=c2
for three dierent values of tan, namely 1, 1.5 and 35. Two dierent cases were con-
sidered for the sneutrino mass: M˜ > 300 GeV=c
2 (in the non degenerate case) and
M˜ >41 GeV=c
2 (in the degenerate case).
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Chargino channels (stable neutralino) Ecm = 192 GeV, L = 23:7 pb−1
5  M < 10 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 1 4 1 6
Background: 0.04  0.14 0.27  0.21 2.89  0.26 0.51  0.15 3.71  0.39
10  M < 25 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 1 1 1 3
Background: 0.08  0.14 1.04  0.19 0.92  0.23 0.51  0.15 2.55  0.36
25  M < 35 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 1 7 1 9
Background: 0.05  0.14 1.55  0.174 6.14  0.24 0.51  0.15 8.25  0.36
35  M < 50 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 2 4 0 6
Background: 0.15  0.14 2.54  0.174 3.6  0.25 0.26  0.14 6.55  0.36
50 GeV=c2  M
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 1 13 7 0 21
Background: 0.19  0.14 10.25  0.19 6.7  0.241 0.26  0.14 17.4  0.37
Table 2: The number of events observed in the 192 GeV data and the expected number of
background events in the different chargino search channels under the hypothesis of a stable
neutralino.
To derive the chargino mass limits, constraints on the process Z ! ~01 ~02 ! ~01 ~01γ were
also included. These were derived from the DELPHI results on single-photon production
at LEP 1 [5].
The chargino mass limits are summarized in Table 4. The table also gives, for each
case, the minimal MSSM cross-section provided that M˜±1
is below the appropriate mass
limit. These cross-section values are also displayed in Fig. 3.
In the non-degenerate case (M > 10 GeV=c2) with a large sneutrino mass
(> 300 GeV=c2), the lower limit for the chargino ranges between 95.36 GeV=c2 (for a
mostly higgsino-like chargino) and 97.12 GeV=c2 (for a mostly wino-like chargino). The
minimal excluded MSSM cross-section at
p
s = 196 GeV is 0.77 pb, derived from a
chargino mass limit of 95.36 GeV=c2.
In the degenerate case (M = 5 GeV=c2), the cross-section does not depend signif-
icantly on the sneutrino mass, since the chargino is higgsino-like under the assumption
of gaugino mass unication. The lower limit for the chargino mass, shown in Fig. 3, is
95.53 GeV=c2. The lower cross section limit is in this case 0.73 pb.
A lower limit of 32.4 GeV=c2 on the lightest neutralino mass is then obtained assuming
M1=M2  0:5, using the obtained chargino exclusion regions and including DELPHI
results [5] on the process Z ! ~01 ~02 ! ~01 ~01γ . The lowest mass limit is obtained for
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Chargino channels (stable neutralino) Ecm = 196 GeV, L = 21:1 pb−1
5  M < 10 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 0 3 0 3
Background: 0.03  0.13 0.24  0.20 1.69  0.25 0.45  0.14 3.31  0.38
10  M < 25 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 1 0 0 1
Background: 0.07  0.13 0.93  0.18 0.83  0.22 0.45  0.14 2.28  0.35
25  M < 35 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 1 6 0 7
Background: 0.04  0.13 1.39  0.17 5.49  0.23 0.45  0.14 7.37  0.35
35  M < 50 GeV=c2
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 1 5 0 6
Background: 0.13  0.13 2.28  0.17 3.24  0.24 0.23  0.13 5.88  0.35
50 GeV=c2  M
Topology: jj‘t jetst ‘‘t radt TOTAL
Obs. events: 0 6 11 0 17
Background: 0.17  0.13 9.17  0.18 5.95  0.24 0.23  0.13 15.52  0.36
Table 3: The number of events observed in the 196 GeV data and the expected number of
background events in the different chargino search channels under the hypothesis of a stable
neutralino.
tan = 1,  = −60:5 GeV=c2, M2 = 54:5 GeV=c2.
3.2 Results in case of an unstable neutralino
The eciency of the chargino selection for an unstable neutralino decaying into a photon
and a gravitino was calculated from a total of 78000 events generated using the same
combinations of M˜±1
and M˜01 as in the stable neutralino scenario. As mentioned in [3],
the same selection applies to all topologies. The eciency varies only weakly with M
and is around 50%. Note that, due to the presence of the photons from the neutralino
decay, the region of high degeneracy (down to M = 1 GeV=c2) is fully covered.
The total number of background events expected in the dierent M ranges is shown
in tables 5-6, together with the number of events selected in the data. 24 events were
found in the data, with a total expected background of 19.9 1.9. No evidence for a
signal was found and exclusion limits were set.
The chargino cross-section limits corresponding to the case where the neutralino is
unstable and decays via ~01 ! ~Gγ are computed in the same way as for stable neutralinos
and they are shown in Fig.4 and in table 4. In the non-degenerate case the chargino mass








M > 10 GeV=c2 > 300 95.36 0.77 9.8
M = 5 GeV=c2 > 41 95.53 0.73 5.11
Unstable neutralino
M > 10 GeV=c2 > 300 96.0 0.58 6.11
M = 1 GeV=c2 > 41 96.7 0.34 4.61
Table 4: 95% confidence level limits for the chargino mass, the corresponding pair production
cross-sections at 196 GeV and the 95% confidence level upper limit on number of observed
events, for the non-degenerate and a highly degenerate cases. The scenarii of a stable ˜01 and
˜01 ! G˜γ are considered.
(M = 1 GeV=c2) the limit is 96.7 GeV=c2. The minimal MSSM cross-section excluded
by the above mass limits are 0.58 pb in the non degenerate case and 0.34 pb in the
ultra-degenerate case.
3.3 Summary
Searches for charginos at
p
s = 196 GeV allow the exclusion of a large domain of SUSY
parameters.
Assuming a dierence in mass between chargino and neutralino, M , of 10 GeV=c2 or
more, and a sneutrino heavier than 300 GeV=c2, the existence of a chargino lighter than
95.36 GeV=c2 can be excluded. If a gaugino-dominated chargino is assumed in addition,
the kinematic limit is reached. If M is 5 GeV=c2, the lower limit on the chargino mass
becomes 95.53 GeV=c2, independent of the sneutrino mass.
A lower limit of 32.4 GeV=c2 on the lightest neutralino mass is obtained assuming
M1=M2  0:5, using the obtained chargino exclusion regions and including DELPHI
results [5] on the process Z ! ~01 ~02 ! ~01 ~01γ .
A specic ~+1 ~
−
1 production search was performed assuming the decay of the lightest
neutralino into photon and gravitino, giving somewhat more stringent limits on cross-
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Chargino channels (unstable neutralino) Ecm = 192 GeV, L = 23:7 pb−1
Non-degenerate selection Degenerate selection Ultra-degenerate selection
Obs. events: 3 0 0
Background: 2.27  0.21 0.39  0.12 0.33  0.12
Table 5: The number of events observed at 192 GeV and the expected number of background
events in the different ∆M cases under the hypothesis of an unstable neutralino.
Chargino channels (unstable neutralino) Ecm = 196 GeV, L = 21:1 pb−1
Non-degenerate selection Degenerate selection Ultra-degenerate selection
Obs. events: 3 1 1
Background: 2.02  0.2 0.35  0.11 0.29  0.11
Table 6: The number of events observed at 196 GeV and the expected number of background
events in the different ∆M cases under the hypothesis of an unstable neutralino.
sections and masses than in the case of a stable ~01.
4 Search for Scalar Leptons
The data collected by DELPHI during 1999 has been used to search for the supersymmetric
partners for the electron, muon and tau leptons.
4.1 Search for selectrons and smuons
This data-set corresponds to an integrated luminosity of 23pb−1 at a centre-of-mass energy
of 192 GeV, and 32 pb−1 at a centre-of-mass energy of 196 GeV. The event selection and
cuts were identical to the analysis of the data collected at 1998 at centre-of-mass energy
of 189 GeV [6].
In the case of selectron and smuon searches, we present the number of candidates se-
lected, together with the expected background from simulated Standard Model processes.
These results can be interpreted as being kinematically compatible with SUSY predictions
in two regions of M‘˜, M˜ phase space: the ‘degenerate’ region, where the mass dierence
( M = M‘˜ - M˜) is less than 10 GeV/c
2, and the non-degenerate region where  M is
greater than 10 GeV/c2.
At a centre-of-mass energy of 192 GeV, 3 selectron candidates were selected in the
non-degenerate case, with 4.1 events expected from Standard Model processes. For the
smuon search, 2 events were observed with a background expectation of 3.2. These results
are presented in Tables 7, 8, for regions of SUSY mass space with which these events
are kinematically consistent.
At a centre-of-mass energy of 196 GeV, 11 selectron candidates were observed in
the non-degenerate case, consistent with 10.0 expected from simulated Standard Model
processes. In the smuon analysis, 4 events were selected with a background expectation
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degenerate ~e ~
Observed Events 3 1
Total Background 3.16 1.56
4-fermion events 2.54 1.37
γγ ! ee; ;  0.55 0.14
Table 7: Data and background events kinematically consistent with M  10 GeV/c2 at
192 GeV.
non-degenerate ~e ~
Observed Events 3 2
Total Background 4.09 3.23
4-fermion events 3.45 2.88
γγ ! ee; ;  0.55 0.14
Table 8: Data and background events kinematically consistent with M > 10 GeV/c2 at
192 GeV.
of 4.4. These results are presented in Tables 9, 10 in regions of SUSY mass space where
they are kinematically consistent.
degenerate ~e ~
Observed Events 6 1
Total Background 8.03 2.21
4-fermion events 6.52 1.95
γγ ! ee; ;  1.39 0.19
Table 9: Data and background events kinematically consistent with M  10 GeV/c2 at
196 GeV.
Limits of scalar lepton masses can be derived using several dierent assumptions.
Scalar mass unication suggests lower masses and cross sections for the partners of right
handed fermions. Hence these cross sections have been used to set conservative mass limits
for selectrons and smuons, assuming the left handed state to be kinematically inaccessible.
The branching ratios into ‘ ~01 have been calculated with the supersymmetry conserving
mass parameter, , set to -200 GeV/c2, and the ratio of the vacuum expectation values of
the two Higgs doublets, tan , set to 1.5. The exclusion limits on ~eR and ~R production,
shown in gures 5 and 6, were obtained taking into account the signal eciency for each
~‘ { ~01 mass point. For values of M > 15 GeV , masses of selectrons are excluded up
to 88 GeV=c2 and smuons up to 80 GeV=c2, resulting from the data taken at 189 GeV,
192 GeV and 196 GeV.
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non-degenerate ~e ~
Observed Events 11 4
Total Background 9.96 4.36
4-fermion events 8.36 3.88
γγ ! ee; ;  1.39 0.19
Table 10: Data and background events kinematically consistent with M > 10 GeV/c2
at 196 GeV.
4.2 Search for Smuons with Neural Net analysis
A complementary analysis based on a neural network method [7] was developed for the
183, 189, 192 and 196 GeV center mass energies data and for a full integrated luminosity
of 263 pb−1.
Muon events were selected by requiring two well reconstructed muons of opposite
charge with momenta above 2 GeV/c. The transverse missing momentum was required
to be greater than 2 GeV/c. The polar angle of the missing momentum was required
to point within [15o; 165o]. The opening angle between the two muons was required to
be smaller than 165o. The angle of each of the two muons was required to point within
[15o; 165o]. The energy in the STIC was required to be less than 45 GeV. An additional
cut on the total number of photons (smaller than 3) was also applied. A good agreement
between data and simulated background, in number as well as in shape, has been obtained
after the above selection criteria. For a center of mass energy of 192 GeV, one expects
99:3  2:11 events of background against 99 events for data, whereas at 196 GeV, one
expects 121:2 2:59 events for 129 in data.
Since the signal distribution depends strongly on the dierence of masses between the
smuon and the neutralino, M , the analysis was divided in three windows:
 M  10GeV=c2
 10GeV=c2 < M  30GeV=c2
 M  30GeV=c2
A neural structure was then trained to recognize signal from background separately
for each window. The neural structure consisted of three layers:
 13 input nodes : the total and transverse visible energy and missing momentum (4
variables), the total, transverse momenta and polar angle of each muon (6 variables),
the theta angle associated to the missing momentum, the total visible invariant mass
and the invariant mass of two muons.
 13 hidden nodes.
 3 output nodes linked to the three kind of process the neural network should dis-
criminate: the signal, the two photon background which has a dominant contri-
bution for the M  10GeV=c2 case and the W+W− background dominant for
M  30GeV=c2.
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The same variables were used as entries to the network for the three mass windows and
the nal cut on the neural network output was then optimized to minimize the expected
excluded cross section. The number of events for data and background for each of the
three windows is listed in table 11. The eciencies have been computed with a step of
5GeV=c2 in the (M˜; M˜01) plane and interpolated in between. Exclusion limits on ~R~R
were then obtained for the point  = −200; tan = 1:5 taking into account the signal
eciencies for each (M˜; M˜01) point. The mass limit from this analysis was compatible
with the one obtained in the sequential analysis of the previous section.
Mass windows M  10 10 < M  30 | M  30
Energy (GeV) 192 196 192 196 192 196
Observed events 2 2 1 0 2 0
Total background 2.61 3.22 0.93 1.31 1.15 2.1
Zo=γ ! (; )(γ) 0.12 0.28 0.03 0.07 0.20 0.32
ZoZo 0.02 0.02 0.02 0.04 0.27 0.22
γγ !  2.38 2.70 0.71 0.81 0.25 0.27
W+W− 0.02 0.14 0.17 0.38 0.47 1.47
Table 11: Smuon candidates, together with the total number of background events ex-
pected and the contribution from major background for a center of mass energy of 192
and 196 GeV.
4.3 Search for Staus
The data collected by DELPHI up to July 8:th has been used to search for staus. This
data-set corresponds to an integrated luminosity of 24 pb−1 at 192 GeV CMS energy and
26 pb−1 at 196 GeV. The event selection cuts were identical to the analysis of the data
collected in 1998 at Ecms = 189 GeV [6].
One candidate was found, with a total background of 2.7  0.1 events. The candidate
was found at 196 GeV.
The selection eciency for the stau signal was estimated by scanning the stau-
neutralino mass-plane in a 1 GeV by 1 GeV grid using SUSYGEN and a fast detector
simulation (SGV). This scan was performed for the two CMS energies separately.
The excluded regions for the right-handed stau and a stau with the mixing-angle
yielding the minimal cross section are shown in gures 7 and 8. The plots are obtained by
combining all data collected by DELPHI from 1995 to 1999 at energies ranging from 130
to 196 GeV. Masses of stau are excluded below 77 GeV=c2 in the case of right-handed stau
and of 76 GeV=c2 for stau at the minimal cross section in the region where M > 15 GeV .
One observes that by including the data collected so far this year, both the obtained and
the expected limits increase by around 1 GeV/c2 at large mass dierences.
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5 Search for sQuarks
An update of squark searches in the non-degenerate mass case is presented, based on
data samples corresponding to 23.6 pb−1 and 17.5 pb−1 collected by DELPHI in 1999
at centre-of-mass energies 192 and 196 GeV respectively. The search for scalar quarks
with the DELPHI detector has already been presented in [8]. The results presented
here come from a new analysis where a neural network method has been developped to
separate squark signals from Standard Model processes. In this paper, only the decay
mode ~q ! q ~01 was considered, such that a 100 % branching ratio is assumed for the
stop into a charm quark and a ~01 , and for the sbottom into a bottom quark and a ~
0
1 .
5.1 Neural network analysis
Since the signal distributions highly depend on the mass dierence m between the squark
and the neutralino, the analysis in the non-degenerate mass case can be separated into
two mass windows :
 m > 30 GeV=c2
 10 GeV=c2 < m  30 GeV=c2
For this preliminary analysis, the signal eciencies of the points with m 
10 GeV=c2 were evaluated passing these points through the analysis 10 GeV=c2 <
m  30 GeV=c2 .
A neural network method was used for the nal selection. The neural network structure
dened in this analysis is the same for the stop and the sbottom searches : 16 input
variables, 16 hidden nodes and 3 output nodes. The 16 input variables are :
 the visible energy : Evis
 the transverse energy : Et
 the visible mass : Mvis
 the eective centre-of-mass energy : ps0
 the polar angle of the missing momentum : cos Pmiss





 the transverse charged energy of the two jets : Echt jet1 and Echt jet2
 the opening angle between the two jets : jet1−jet2
 the angle between the two jets in the transverse plane : coplan.
 the acolinearity with respect to the thrust axis : acolthrust
 the acoplanarity with respect to the thrust axis : acopthrust
 the acolinearity with respect to the beam axis : acolz
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 the rst and third Fox-Wolfram momenta : H10 + H30
 the combined event b-tagging variable : Probz0
 the combined 2 jets b-tagging variable : Probz02jets
A neural network is trained for each window of the stop and sbottom analysis. Events
for a large spectrum of squark and neutralino masses have been presented to the network
in order not to overtrain the network to a specic mass pair. The 3 output nodes are
linked to the three categories of events which the neural network should discriminate: the
squark signal, the qq(nγ) and four-fermions backgrounds together, and the γγ interactions
leading to hadronic nal states. The nal cuts are perfomed on the ouput given by the
signal node. The Monte-Carlo events used for the training are of course not considered
in the evaluation of the eciency.
5.2 Results
The nal cuts on the neural network outputs were optimised to minimize the expected
excluded cross-section. As seen from Table 12, the number of events selected in the data
are in good agreement with the Standard Model predictions.
Preliminary
192 GeV 196 GeV
Ndata Nmc Ndata Nmc
sbottom : 0 0.61 0 0.45
stop : 2 1.80 0 1.33
Table 12: Number of events after the neural network selection at 192 and 196 GeV
The eciencies for both stop and sbottom analysis have been calculated from 45 points
in the planes (Mq˜ , M˜01 ), and a linear interpolation has been perfomed to evaluate the
eciencies in the whole plane . The cross-sections have been calculated using the SUSY-
GEN package [9]. The exclusion curves have been evaluated for two cases: rst for the
case of purely left-handed squarks, and secondly for the mixing angle which minimizes
the cross-section.
The exclusion regions at 95 % condence level have been calculated combining the
results at 183, 189, 192 and 196 GeV obtained with this neural network method and they
can be seen on gure 9.
Lower limits on the squark masses are calculated for m > 15 GeV=c2 . In case of purely
left handed squarks, stop masses lower than 89 GeV=c2 and sbottom masses lower than
91 GeV=c2 are excluded. For the mixing angle which minimizes the cross-section, the
limits are : Mt˜  86 GeV=c2 , and Mb˜  79 GeV=c2 .
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6 Single photon events
The energy spectrum and recoil mass distribution of the single-photon events collected
at
p
s = 192 and 196 GeV have been studied in the polar-angle regions 4 < γ < 32
(forward) and 45 < γ < 88 (barrel). The total integrated luminosity of the analysed
sample amounts to 40 pb−1.
Only photons with measured energy greater than 6 GeV were considered. The detailed
description of the selection requirements applied to the data can be found in [11].
In total, 89 single photon events were found with 97 expected from Standard Model
sources. The distributions of xγ = Eγ=Ebeam and recoil mass are shown in Figure 10,
where they are compared with the main Standard Model background of e+e− ! γ as
simulated with the KORALZ [12] generator. Figure 10 contains the data both in the
forward and the barrel region.
7 Multi-photon events with missing energy
This section describes a study of nal states with at least two photons and missing energy
in the data taken with the DELPHI detector in 1999 at
p
s = 192 and 196 GeV. The
integrated luminosities are about 23 pb−1 and 21 pb−1 for the two centre-of-mass energies,
respectively.
The physics motivations and the selection criteria for multi-photon nal states with
missing energy have been discussed in detail in a published paper [10], where the results
obtained for centre-of-mass energies up to 183 GeV are described. A paper dedicated to
the analysis of 1998, taken at
p
s = 189 GeV, has also been submitted to this Confer-
ence [11].
Here only a preliminary analysis of the rst 1999 data is presented, which is based on
the same cuts (after rescaling for the dierent centre-of-mass energy) as for lower-energy
data. In particular three data samples have been selected and studied:
1. Preselected events with at least two photons and missing energy: in this case the
selection is based on very loose cuts and is used in order to monitor the modeling
of the e+e− ! γγ(γ) background by the Koralz generator [12].
2. Events passing the nal selection dedicated to the search of the process e+e− !
~01 ~
0
1 ! ~Gγ ~Gγ.
3. Events passing the nal selection dedicated to the search of the process e+e− !
~02 ~
0
2 ! ~01γ ~01γ.
The number of events found and expected within the standard model for each of the
three data samples at the two centre-of-mass energies can be found in Table 13. No
evidence for any deviation from standard model expectations has been found. The recoil
mass and γγ-mass distributions observed after data preselection are shown if Figure 11.
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Data sample Found events Expected events
Preselection at 192 GeV 3 1.6
Preselection at 196 GeV 2 1.4
e+e− ! ~01 ~01 ! ~Gγ ~Gγ at 192 GeV 0 0.7
e+e− ! ~01 ~01 ! ~Gγ ~Gγ at 196 GeV 2 0.6
e+e− ! ~02 ~02 ! ~01γ ~01γ at 192 GeV 0 0.6
e+e− ! ~02 ~02 ! ~01γ ~01γ at 196 GeV 0 0.5
Table 13: Events found and expected from standard model sources in the three selected
data samples. The γγ(γ) background simulation is based on the Koralz generator.
8 Search for Excited Leptons
An update of the search for excited leptons corresponding to an integrated luminosity of
23.4 pb−1 and 20.5 pb−1 at
p
s = 192 GeV and 196 GeV respectively is presented. The
analysis follows closely the previous ones [13] and therefore this note contains basically
the updated plots and tables.
The single production of excited leptons could proceed via s-channel γ and Z exchange.
Important additional t-channel contributions would arise for excited electron and for
excited electronic neutrino production. In this case the unexcited beam particle is emitted
preferentially at low polar angle and often goes undetected in the beam pipe.
Excited leptons could decay by radiating a γ, Z or W . The decay branching ratios
are functions of the f and f
′
coupling parameters of the model [14]. The mean lifetime of
excited leptons with masses above 20 GeV/c2 is predicted to be less than 10−15 seconds
in all the cases studied.
Excited fermion events were generated according to the cross-sections dened in [14],
involving γ and Z exchange. The hadronization and decay processes were simulated
by JETSET 7.4 [16]. The initial state radiation eect was included at the level of the
generator.
The event selection was performed in three stages. In the rst level, very general
selection criteria were applied and the events were classied according to the number of jets
and of isolated leptons and photons. In the second level, dierent selection criteria were
applied to each topology. Finally, whenever possible, event flavour tagging was performed,
based on the identication of the nal state leptons and on other (topology dependent)
characteristics of the event. Details on each selection level are given in reference [13].
Only small adjustments were made with respect to the previous analysis. At the dierent
selection levels and topologies, fair agreement between data and SM expectation was
found.
The numbers of excited fermion candidates, as well as the SM expectations, are sum-
marized in table 14 for the dierent excited fermion types, decay modes and energies.
The limits were computed using the method described in [17]. For the single produc-
tion of excited leptons the cross-sections are a function not only of the mass of the excited
particle but also of the ratio of the coupling of the excited fermion to its mass =mf∗ .
95% condence level (CL) upper limits on this ratio as a function of the f  mass were
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p
s channel e  
‘ ! ‘γ 20(19.61.7) 3(5.40.3) 11(11.41.1)
‘ ! W 5(6.40.3) 1(3.40.2) 0(2.40.2)
192 ‘ ! ‘Z 8(15.60.3) 7(8.50.4) 13(13.10.5)
GeV  ! ‘W 5(5.60.3) 1(2.60.2) 3(4.60.3)
 ! Z 0(1.50.1)
‘ ! ‘γ 13(16.81.4) 5(4.80.3) 10(9.40.9)
‘ ! W 6(5.70.3) 2(3.00.2) 4(2.20.2)
196 ‘ ! ‘Z 15(13.90.5) 6(7.50.3) 14(11.60.4)
GeV  ! ‘W 6(50.3) 2(2.30.2) 7(4.10.3)
 ! Z 0(1.30.1)
Table 14: Number of excited fermion candidates for the dierent decay channels. The
numbers in brackets correspond to the simulated SM background expectations.
derived. Figures 12 and 13 show the combination of these limits with the ones obtained
previously [13] for the excited leptons assuming f = f
′
and f = −f ′ respectively.
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DELPHI - Standard Model Higgs (Preliminary)
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Figure 1: The observed mass spectrum in the ZH analysis, combining the data at 192
and 196 GeV. The solid area is the simulated background, and the dotted line shows the
total expectation when a 95 GeV=c2Higgs is included.
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DELPHI - MSSM  Higgs (Preliminary)
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Figure 2: The observed mass spectrum in the hA analysis, combining the data at 192 and
196 GeV. The solid area is the simulated background, and the dotted line shows the total
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 > 41 GeV/c2PRELIMINARY
stable χ~01, Mχ
~+
1-MLSP ~ 5 GeV/c
2
Figure 3: Expected cross-sections at 196 GeV (dots) versus the chargino mass in the non-
degenerate scenario (M> 10 GeV=c2) and in the degenerate scenario (M 5 GeV=c2),
for dierent MSSM parameter values, in the case of stable neutralino. A heavy sneutrino
(m˜> 300 GeV=c
2) has been assumed in the upper plot and m˜ >41 GeV=c
2 in the lower

























 > 300 GeV/c2PRELIMINARY
χ~01 → G






















 > 41 GeV/c2PRELIMINARY
χ~01 → G
~ γ, Mχ~+1-MNLSP ~ 1 GeV/c
2
Figure 4: Expected cross-sections at 196 GeV (dots) versus the chargino mass in the
non-degenerate scenario (M> 10 GeV=c2) and in the ultra-degenerate scenario (M
1 GeV=c2), for dierent MSSM parameter values, in the case of unstable neutralino.
A heavy sneutrino (m˜> 300 GeV=c
2) has been assumed in the upper plot and m˜ >
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95 % CL exclusion regions
Figure 5: Exclusion limits at 95% condence level for ~eR. The continuous line represents
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95 % CL exclusion regions
Figure 6: Exclusion limits at 95% condence level for ~R. The continuous line represents
the expected exclusion limit, the shaded area the obtained limit.
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Figure 7: Exclusion limits at 95% condence level for ~R. The thick line represents the
exclusion limit obtained and the thin line the mean limit expected from background-only
experiments.
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Stau at minimum cross-section
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Figure 8: Exclusion limts at 95% condence level for ~MIN . The thick line represents the
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Figure 9: 95 % exclusion region for the stop (up) and the sbottom (down) analysis in the
plane (Mq˜ , M˜01 ). The full lines show the limits in case of purely left-handed squarks,
































Figure 10: The distributions of xγ and the recoiling mass against the detected photon
for the single photon events at 192 and 196 GeV. The light shaded area is the expected
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Figure 11: Event preselection: missing mass distribution (left) and γγ mass distribu-
tion (right) obtained by summing the data collected at
p
s = 192 and 196 GeV. The
γγ background simulation is based on the Koralz generator. The γγ invariant mass is























































Figure 12: Results on single production of excited charged (a) and neutral (b) leptons
assuming f = +f
′
. The lines show the upper limits at 95% CL on the ratio =m‘∗ between




















































Figure 13: As gure 1, but for f = −f ′ .
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